The opportunistic pathogenic fungus Candida albicans is a major source of infections in immunocompromised patients (15) . This organism, almost always isolated in the diploid state, has no sexual cycle and is thus rather difficult to manipulate genetically (5, 20) . Among its more interesting biological properties are the ability to grow in both a yeast form and a hyphal form and its ability to undergo phenotypic transitions in colony morphology and cell shape (21, 22) . Despite a great deal of work, no virulence factors have been definitively identified, although several cellular properties have been suggested to play a role in pathogenesis (20) .
The property whose role in virulence has been most carefully studied is the extracellular acid proteinase activity, first identified by Staib (23) and later examined in detail by Ruechel and his collaborators (1, 18) . Such an activity could play an important role in facilitating adhesion of the cells or in promoting tissue penetration. In order to investigate the role of this enzyme in virulence, several laboratories have carried out studies with variants lacking enzymatic activity to see whether such variants are less pathogenic than their parents (7, 10) . These studies showed that in a live-mouse model, strains lacking the enzyme are significantly less virulent than those with the activity. Although all were carefully controlled, each of these studies was flawed by the possibility that the mutagenesis used to isolate the variant caused secondary genetic damage which was responsible for the reduction in virulence.
In order to resolve the questions about the role of the enzyme in virulence, genes for the acid proteinase were cloned by Hube et al. (6) (6) . Surprisingly, although the mRNA for this gene is abundant in opaque cells grown on minimal medium and is somewhat elevated in the same cells grown with protein as the sole nitrogen source (inducing medium [7, 17] In order to get some insight into this problem and to facilitate further manipulation of these genes, we undertook to assign the clones of the extracellular proteinase genes to the electrophoretic karyotype of C albicans. We also tested for the presence of the two genes by polymerase chain reaction (PCR) and by genomic Southern blots of the two clones. We report here that the two genes map to different chromosomes, that every strain tested so far seems to contain both genes, and that the nonidentity of the two genes is confirmed both by the Southern blots and by differential PCR fragments. Low-stringency probing of either restriction digests of genomic DNA or chromosomes separated by a contour-clamped homogeneous electric field (CHEF) gives evidence for additional proteinase genes. Thus, the genes encoding the extracellular proteinases constitute a gene family in C albicans.
MATERIALS AND METHODS
Strains and culture conditions. Strains ATCC 10231 (6) and ATCC 10261 (26) are the sources of the acid proteinase clones. Strain WO-1 was obtained from David Soll (22) . Strain C9 has been previously reported (7) . Strain SC5314 was obtained from the Squibb Institute for Medical Research. Strains CBS2730 and ATCC 48867 were obtained from Reinhard Ruechel (18) . Strain 1001 was obtained from Federico Navarro. The strains were grown on YEPD (3) at 30°C with shaking.
Plasmids. pRW2 is a pUC19 derivative into which was cloned a PstI-HindIII fragment of the SAP2 gene (24) . CaPra contains a 5.4-kb piece of DNA including 1,173 nucleotides encoding the SAPI gene (6) .
DNA preparation. DNA was prepared for restriction digests as described by Magee et al. (11) . Cells were prepared for pulsed-field gel electrophoresis as described earlier (25) . Plasmids were prepared by the method of Lee and Rasheed (8) .
Pulsed-field gel electrophoresis. CHEF separation of chromosomes was carried out essentially as described by Wickes et al. (25) . (For specific conditions, see the legend for Fig. 1.) Hybridization conditions. Gels were transferred to a MagnaGraph (Micron Separations Inc.) and probed with oligoprimed radioactively labeled sequences from the appropriate plasmids. After probing, the blots were washed according to the manufacturer's directions for stringency. PCR. The method described by Saiki et al. Approximately 10 ng each of the genomic DNAs of ATCC 10231, ATCC 10261, ATCC 48867 (serotype B), and CBS2730 and of the plasmid DNAs from pRW10 (26) and CaPra (6) were heated with primer 1 and one of the other primers for 3 min at 96°C and then cooled to 57°C for 5 min before Taq polymerase (Amersham) was added. After 5 min at 72°C, the cycle was repeated. Conditions for denaturation, primer annealing, and extension in subsequent cycles were 91, 57, and 72°C, respectively, for 1 min each. After 40 cycles, amplified DNA was analyzed by 5% polyacrylamide gel electrophoresis in TBE buffer (12) .
RESULTS
The CHEF separations of four C. albicans strains, ATCC 10231, ATCC 10261, WO-1, and 1001, probed under conditions of high stringency with the aspartyl proteinase clones pRW2 (from ATCC 10261) and CaPra (from ATCC 10231) are shown in Fig. 1A . It different chromosomal locations. WO-1 has three different chromosomal translocations, one of which involves chromosome 6 (2). CaPra hybridizes to the intact chromosome 6 in both parental strains and in 1001 and to one of the chromosome 5 or 6 translocation products in WO-1. (This product runs at the same place as chromosome 4.) Therefore, CaPra maps to chromosome 6 (precisely, to the SfiI digestion fragment 60) (2). pRW2, however, maps to the largest band in all three strains, the chromosome R-chromosome 1 region. In ATCC 10261, 1001, and WO-1, both chromosome R homologs migrate at about the same rate, while in 10231, the two homologs separate slightly, proving that chromosome R is the correct assignment. This result implies that there are at least two extracellular protease genes in each of these strains. We are naming these genes SAPJ (the gene from 10231) and SAP2 (the gene cloned from 10261). (These names were chosen to demonstrate that the genes are not analogous to any known proteinase genes of Saccharomyces cerevisiae.) Since so far as is known, none of the four strains (1001, WO-1, and the ATCC strains) are related, it seems likely that the existence of these two genes is very common among C albicans strains.
In order to confirm the existence of both sequences in both parent strains, PCR was used. Four primers were used: primer 1 spans the first 23 bp of the coding sequence of both SAPI and SAP2, primer 2 spans bp 304 to 282 of SAPI and is not homologous to any sequence in SAP2, primer 3 spans bp 625 to 603 in SAPI and bp 644 to 622 in SAP2, and primer 4 spans bp 1031 to 1009 in SAP2 but lacks homology to SAPJ. These primers should lead to the following PCR products. Primers 1 and 2 should give a 304-bp fragment from SAPI and no product from SAP2. Primers 1 and 3 should yield a 644-bp fragment from SAP1 and a 625-bp fragment from SAP2, while primers 1 and 4 ought to give a 1,031-bp fragment from SAP1 and no product from SAP2. Figure 2 shows the results of this experiment; in the control (plasmid CaPra, which contains the SAPJ gene) the 644-and 304-bp bands are present, while the 625-and 1,031-bp bands are absent. In each of the Candida strains tested, the predicted bands for both genes are present. two new bands (1.5 and 4 kb) when probed with SAP2 and four (16, 10.5, 7. 3, and 4.1 kb) when probed with SAPI. The fact that the same series of fragments hybridizes with both probes suggests that the homology is specific rather than general. Since the same blot was used for the high-and low-stringency washes, the new bands are not partial digestion fragments. We cannot tell the number of members of the SAP gene family from the number of bands, but it is certainly greater than two.
One way to get a minimum estimate of the number of genes is to determine the number of chromosomes which contain a SAP-like gene. We therefore probed a CHEF separation with the two probes under the same conditions used to obtain the results shown in Fig. 3A . Figure 1B shows that chromosome 3 hybridizes to either gene under conditions of low stringency. SAP2 hybridizes with chromosomes R, 3, and 6, while SAPI hybridizes with chromosomes R, 3, 4, and 6. Thus, there are at least three SAP-like genes in C. albicans, and there may be more if several are located on the same chromosome.
DISCUSSION
The potential role of the extracellular acid proteinase from C albicans as a virulence factor has led to much work on lization only to bands correthis enzyme and its genes. Although fewer than 30 C.
I . Figure 3B shows that SAPI albicans genes of known function have been cloned (19) , the amHI digest, to two bands of acid proteinase gene has been cloned four times (4, 6, 13, 24) t, to a band of approximately and the cDNA has been cloned once (14) . In setting out to to a single 7. (24) .
Since the genetic map of C. albicans is not yet highly detailed, one cannot generalize about the role of gene families, but at least one member of the SAP family appears to have significance in the phenomenon called the phenotypic transition, in which cells switch from a particular colony morphology (and sometimes cell shape) to others at a frequency too high for mutation (13, 16) . The white-opaque switch in strain WO-1 is the most commonly studied of these transitions, and expression of the SAPI gene for the acid proteinase appears to be limited to the opaque form of this strain. Both our results and those of Morrow et al. seem to rule out regulation of expression by a shift of the gene to an expression site, since the chromosomal location of the gene does not vary during the switch from white to opaque and the pattern of hybridization to a Southern blot of a restriction enzyme digest of genomic DNA also does not change (13) . These findings are consistent with the recent observation that there is very little SAPI transcript in ATCC 10261 under inducing conditions, while the SAP2 transcript is abundant under these conditions (26).
Little is known about the regulation of the extracellular acid proteinase, except that it is repressed by ammonia and induced by a medium containing high protein concentrations (7, 17) . The fact that there are several genes encoding similar enzymes may indicate that these proteins have a variety of functions. For example, they could be required at different times in infection or in different tissues. In that case, we would expect the various members of the gene family to be differentially regulated, as has already been shown for the SAPI gene. Since clones of at least two members of the family are available and the other should be easy to obtain, this hypothesis can be tested.
